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Abstract 
Glaciomarine sediments recently recovered from the lrminger Basin 
provide the first available long-term record of ice-rafting activity along the 
southeastern Greenland margin, from the Pleistocene through the late Miocene. 
Ice-rafted debris mass accumulation rates (IRD MARs) of coarse (250 µm to 2 
mm) terrigenous material in the lrminger Basin were investigated for the last 1.40 
My (early Pleistocene). Intensification in IRD MAR peaks throughout the mid-
Pleistocene appears to indicate at least a regional change in the history of 
glaciation along the SE coast of Greenland. Observations made in this study-
particularly at 880 Ka-are consistent with the proposal of a mid Pleistocene 
climate shift in paleoclimatic records. 
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Introduction 
This paper provides data that supplements an ice-rafting record 
previously generated by Kristen E. Kudless. The ultimate goal of this work is to 
understand the late Cenozoic glacial history of the Northern Hemisphere by 
interpreting paleoclimates as reflected in the mass accumulation rate (MAR) of 
ice-rafted debris (IRD). Information has been collected from Ocean Drilling 
Program (ODP) Leg 152 Site 918, which was located in the lrminger Basin off 
the SE coast of Greenland. 
IRD is a direct indicator of the presence of glacial ice extending to sea 
level on adjacent landmasses. The sediments in this investigation are then 
studied: 
-to determine the input of IRD by ascertaining the accumulation rates of 
these sediments over time; 
-to compare these data to marine and continental records investigated in 
previous studies in order to derive a paleoclimatic signal from the mid-to-
high latitudes; 
-to determine if this region is a key nucleation area for widespread late 
Cenozoic glaciation. 
1 
Study Area 
1. Setting 
Site 918 is located in 1865.5 m of water on the upper continental rise off 
southeast Greenland within the western part of the lrminger Basin (Figure 1) 
(Larsen, 1994). The inner to mid-shelf is floored by Precambrian basement rocks 
that have a thin Quaternary cover (Figure 2). The outer shelf is floored by the 
landward edge of the SE Greenland Seaward Dipping Reflector Sequence 
(SDRS), which is covered by up to 1.5 km of Paleogene and Neogene sediments 
(Larsen, 1994). The SDRS continues under the slope and continental rise. The 
basement is covered here by at least 550 m of sediment (Larsen, 1994). 
2. Lithostratigraphy 
Site 918 is located on the upper continental rise, approximately 130 km 
east of the SE Greenland coast (Larsen, 1994). Complete descriptions of the 
Lithologic Units recovered at Site 918 are given by Shipboard Scientific Party 
(1994), therefore only a brief summary and a stratigraphic column (Figure 3) are 
provided here. The samples for this study are taken from Lithologic Unit 1, which 
extends from 0.0 to 600.0 mbsf (Holocene-late Miocene) and is dominated by 
dark gray silt. It is divided into five subunits, based upon the presence of graded 
beds in the upper two subunits. The lower three subunits are not covered in the 
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samples from this study, but note that Subunit 1 C contains the highest 
concentration of IRD in Unit 1 (Shipboard Scientific Party, 1994). The base of 
Subunit 1 D is marked by the last occurrence of an unequivocal in-situ dropstone 
at 543.6 mbsf (Shipboard Scientific Party, 1994). No dropstones were observed 
in Subunit 1 E during the shipboard description (Shipboard Scientific Party, 
1994). The upper 500 m of sediment contains abundant silts and mud, with 
numerous, typically granule- to pebble-size gravel clasts (Shipboard Scientific 
Party, 1994). A number of more massive beds, consisting of poorly sorted, 
ungraded silt, sand, and angular gravel, are also present (Shipboard Scientific 
Party, 1994). 
Materials and Methods 
The location of Site 918 is shown in Figure 1. This site was chosen for 
study because sediments recovered at Site 918 provided the first long-term ice-
rafting record for this region-a possible key nucleation area for widespread late 
Cenozoic glaciation. The samples from this site have been studied for several 
parameters including: 
-IRD MAR (Larsen, 1994; Kudless, in preparation) 
-subpolar planktic and benthic foraminifers (Larsen, 1994; Nemoto, in 
press; Spezzaferri, in press) 
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1. Sample Size and Spacing 
Samples 1 Oto 20 cc in volume originally were taken for studies by K.E. 
Kudless. Spacing of those samples was approximately 50 to 75 cm, from the 
Upper Miocene to Recent sediments of Hole 918A. Samples for this study were 
taken (as necessary) to fill in temporal gaps in the IRD MAR record already 
developed by K.E. Kudless. 
2. Methods of Obtaining Data 
Samples were dried at 60°C, weighed, disaggregated ultrasonically, and 
wet-sieved at 2 mm and 250 µm. The 2 mm to 250 µm fraction of each sample 
was dried at 60°C and weighed, and the abundance of the coarse-sand fraction 
was then calculated as a weight percent. The coarse-sand fraction of each of 
these samples was next examined with a hand lens to determine the abundance 
of terrigenous, non-volcanic material (the IRD) within the total coarse-sand 
fraction. In other studies, samples have been examined by binocular microscope 
to determine what other steps were needed (if any) to isolate the IRD from 
volcanic and biogenic coarse-grained components. In this study, however, 
examination with a hand lens was considered sufficient for identifying the coarse-
fraction components. Volcanic ash was not a significant component in the 
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coarse-sand fraction, and therefore, physical separation of the ash from the rest 
of the coarse-sand fraction by means of heavy liquid techniques was not 
required. 
In this study, mass accumulation rates, rather than IRD abundance 
(weight percent), are used as the indicator of the importance of IRD supply 
because IRD MARs are independent of the supply rates of other coarse-sand 
size components such as volcanic ash and biogenic material. The MAR of the 
coarse-sand sized IRD was calculated as, 
IRD MAR= CS% x IRD % x DBD x LSR, 
where IRD MAR is the mass accumulation rate (g/cm 2 /k.y.), CS% is the coarse-
sand abundance (weight%), IRD % is the abundance of IRD within the total 
coarse-sand fraction (weight%), DBD is the dry-bulk density of the sediment 
(g/cm3), and LSR is the linear sedimentation rate (cm/k.y.). All values used for 
these calculations are tabulated in Appendix I. Dry-bulk density values were 
obtained from tables of discrete shipboard physical properties measurements in 
Shipboard Scientific Party (1994). The stratigraphically closest discrete dry-bulk 
density measurement was used for each sample. LSRs were determined by 
K.E. Kudless as described below in Section 3. 
5 
3. Magnetostratigraphic and Biostratigraphic Age-depth Data 
Magnetostratigraphic and biostratigraphic data were obtained from 
Shipboard Party (1994) and Nemoto (in press). These data were used as 
datums to determine the LSR for these samples. Micropaleontological studies of 
foraminifers were used as indicators of relative paleoclimates as well as for the 
aforementioned datums for the LSR calculation. These datums and the LSRs 
subsequently calculated are tabulated in Kudless (in preparation). 
Biostratigraphic data on the appearance and disappearance of species of 
foraminifers given by Nemoto (in press) are inconclusive to this study regarding 
paleoclimate. However, based upon dates obtained from foraminifers, the oldest 
samples analyzed here are dated as early Pleistocene (-1 .40 Ma) and were 
taken from the upper - 76 m of Lithologic Unit 1 . 
Results 
IRD abundances and MARs for each sample are tabulated in Appendix I. 
IRD abundance (weight%) is plotted versus depth downcore in Figure 4, and 
versus calculated age in Figure 5. Figure 6 is a plot of IRD MAR versus 
calculated age. 
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Interpretations 
The oldest occurrence of significant IRD in this data set is dated at -1.4 
Ma, recording early Pleistocene ice-rafting off SE Greenland. A second early 
Pleistocene peak at 1.40 Ma is followed by a series of large peaks throughout 
the Pleistocene. The cause of these large pulses of Pleistocene ice-rafting is 
unknown, but the peaks may record important shifts in circulation, such as the 
position of the polar (melting) front and/or the influx of relatively warm North 
Atlantic water to the Norwegian-Greenland Sea during Pleistocene warming 
intervals. These abundance peaks may also be recording local surge events of 
SE Greenland tidewater glaciers. There also appears to be a gradual decrease 
in average peak size over the last -300 Ka. This is consistent with what K.E. 
Kudless (in preparation) has found. This may have resulted from changes in 
ocean circulation such that the locus of iceberg melting no longer resided over 
this area, or from an overall decrease in iceberg melting from East Greenland 
glaciers (Kudless, in preparation). 
Although there appears to be a gradual decrease in average peak size in 
the last -300 Ka, there is an increase in the average MAR in samples younger 
than 880 Ka, in which peaks occur more frequently and the baseline MAR 
appears to increase. This mid-Pleistocene intensification in peak sizes appears 
to record at least a regional change, as it has also been observed in IRD records 
from the NW Pacific (Krissek et al., 1985) and from the Norwegian Sea (Krissek, 
1989). In addition, the mid-Pleistocene intensification of IRD MARs at this site-
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specifically at 880 Ka-may be accompanied by changes in the period of 
apparent cyclicity in peak occurrence (i.e., the interval of repetition). Such 
observations are consistent with the proposal of a "mid-Pleistocene Revolution" 
(Fronval et al., 1996; Mudelsee et al., 1997) in paleoclimatic records. 
For the purpose of this paper, the method I used to calculate the 
periodicity of IRD MAR peaks was sufficient. By using an IRD MAR value of 
0.1 O g/cm2/k.y. as the baseline for defining a "peak"-approximately the average 
MAR for the entire record-and counting the number of peaks in MAR 
abundance prior to and after the mid-Pleistocene shift (at -880 k.y. in this study) 
a periodicity was calculated. There appears to be what may be interpreted as a 
periodicity of 50 Ka at an age of 0-700 Ka and 100 Ka at an age of 900-1400 Ka. 
Mudelsee and Statteggar (1977) and Mudelsee and Schulz (1977) have 
found a 'dominant' cycle of 100 Ka after the mid-Pleistocene climate transition, 
and -77 Ka prior to the mid-Pleistocene shift. While the cycles calculated by 
Mudelsee et al (1977) differ from the cycles determined in this study, the 
methods used to calculate the periodicities are quite different. Three main 
methods of time-series anlysis have been employed by others, including time-
dependent mean and standard deviation, evolutionary spectral analysis, and 
time-dependent probability density function (Mudelsee et al, 1977). Artificial time 
series was applied by Mudelsee et al (1977) to benthic oxygen 18 isotope 
records. This in turn is interpreted as an indicator of mid-Pleistocene change in 
that there has been a multiple transition from a more linear climate system to a 
strong non-linear system. 
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In summary, the results obtained from this study help to understand the 
history of late Cenozoic glaciation in the Northern Hemisphere by determining 
peleoclimates as reflected in the mass accumulation rates of ice-rafted debris. 
Intensification of MAR peaks in the late Pleistocene and the appearance of a 
shift in the cyclicity of MARs are also helpful in interpreting the evidence for a 
mid-Pleistocene climate transition. 
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Appendix 
Wt % csf is the weight percent of the coarse-sand fraction of the total sample. 
% /RD is the estimated abundance of ice-rafted debris within the coarse-sand 
fraction. 
LSR is the linear sedimentation rate (cm/ k.y.). 
Dry Bulk Density of the sediment for each sample (g/cm3). 
MAR is the mass accumulation rate of the IRD (g/cm2 /k.y.). 
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